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CHAPTER 1. INTRODUCTION AND LITERA TORE REVIEW 
Thesis Organization 
Three individual papers and general conclusions follow a literature review. The first 
paper covers the assessment of parasitism of Lygus lineolaris in strawberry and alfalfa fields 
in Iowa. The second paper identifies the thrips species, which causes damage to strawberries 
and assesses the damage caused by Frankliniella tritici to strawberries. The third paper 
examines the overwintering biology ofthrips in strawberry fields in Iowa and how sticky 
card colors affect attraction of thrips. 
Strawberry Production 
In most of the United States, strawberries are produced and consumed as fresh fruits; 
the production of processed strawberries is concentrated to California (Evans 1999). Relative 
to other fresh market fruits produced in the United States strawberries are fourth in value 
behind apples, grapes and oranges (over $1 billion) (Evans 1999). In 1996, the value of 
strawberry production for the approximately 300 growers in Iowa was over $3 million 
(Nonnecke, G. Iowa State University, Dept. of Horticulture, personal communication). Most 
farms in the Midwestern U.S. are 'u-pick' operations; consumers go directly to the farm and 
harvest their own strawberries. Consumers are concerned about the agricultural chemicals 
used in the strawberry fields they are hand harvesting. Farmers are concerned about 
producing marketable fruit; insecticides have been their primary method for insect pest 
management. 
The strawberry (Fragaria x ananassa Duchenese) is a hybridized plant produced 
from two species, Fragaria virginiana from North America and Fragaria chiloensis from 
South America (Maas 1998). This herbaceous perennial plant produces a tasty fruit, which is 
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the enlarged receptacle of the flower. The strawberry is an aggregate fruit comprised of 
achenes (seeds) on an enlarged receptacle (Handley 1991). These achenes supply auxins for 
receptacle enlargement (Handley 1991, Nitsch 1950). Short stems, runners, and loose roots 
are important agronomic characteristics that make the strawberry plant more viable and 
productive. Flower bud development is induced by short days and low temperatures, thus 
temperate and subtropical climatic zones are suitable for strawberry production (Maas 1998, 
Simmonds 1976). 
Two types of strawberries are commonly planted in Iowa, June-bearing and day-
neutral. June-bearing cultivars are short-day plants and begin to produce fruit in the second 
spring after the flower buds differentiation in the short-days of the previous autumn whereas, 
day-neutral strawberries are not affected by day-length (Galletta and Himelrick 1990). 
In the eastern U.S., strawberries are infested by several insect species including the 
strawberry bud weevil (Anthonomus signatus) (Coleoptera: Curculionidae) that attacks the 
flowers (Mailloux and Bostonian 1993), the strawberry leaf roller (Ancy/is comptana 
fragariae) (Lepidoptera: Tortricidae), whose larvae feed on leaves (Gabriel 1989); the 
tarnished plant bug (Lygus lineolaris) (Heteroptera: Miridae) attacks the developing fruit 
(Allen and Gaede 1963, Schaefers 1980); root weevil larvae (Otiorhynchus spp. and 
Nemocestes incomptus) (Coleoptera: Curculionidae) attack the roots (Strand 1994); and the 
flower thrips (Frankliniella tritici) (Thysanoptera: Thripidae) causes bronzing of the 
strawberry fruit (Lynch and Tremblay 1995). 
In this thesis, I focus on the ecology and management of L. lineolaris and thrips in the 
genus Frankliniella that infest strawberry flowers and fruits. Both pests may have an 
economic impact on strawberry production in Iowa. 
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Lygus lineolaris 
In a recent thesis, Rose (1996) examined the management of Lygus lineolaris in Iowa 
strawberries and reviewed the L. lineolaris literature. As a result, in my literature review of 
L. lineolaris, I primarily focus on literature published after 1996; however, I will discuss key 
references published before 1996. Much of the literature is focused on cotton, because Lygus 
spp. are the third most important group of insect pests attacking cotton (Carder et al. 2000). 
Selected species in the family Miridae (Order: Heteroptera), commonly referred to as 
plant bugs, cause yield reductions in grains, vegetables, and fruit crops (Young 1986). Lygus 
lineolaris (Palisot de Beauvois) adults are about 6 mm long, flat and oval with a clear-yellow 
triangular cunneus (small triangle at the end of the differentiated part of the forewing in some 
Heteroptera) on the posterior dorsal side (Metcalf and Metcalf 1993). Lygus lineolaris feed 
on the growing parts and buds of plants (Goodell 1998). In alfalfa, the most serious damage 
is in alfalfa grown for seed production, in which Lygus spp. damage the buds producing 
sterile seeds (Metcalf and Metcalf 1993 ). Lygus lineolaris has a wide host range that includes 
over 300 plant hosts, including twenty-one of the major crops in the U.S e.g., cotton, beans, 
strawberries, alfalfa, and apple (Goodell 1998, Young 1986). Lygus hesperus, the western 
tarnished plant bug, is found west of the Rocky Mountains in ecological niches similar to 
those of L. lineolaris (Kuhlmann et al. 1998). Udayagiri et al. (2000) concluded that 
strawberries do not appear to be a preferred host for L. hesperus, because pests densities tend 
to be relatively low in strawberry. 
In Iowa, L. lineolaris is considered the principal insect pest of strawberries (Gleason 
and Lewis 1992). In a 1992 survey conducted in Iowa, more than 60% of the insecticide 
sprays used in strawberries were for control of L. lineolaris (Domoto et al. 1995). Depending 
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upon environmental conditions, L. lineolaris completes development during the summer in 
about 4 weeks in Iowa (Gleason and Lewis 1992). Both adults and nymphs have been 
observed feeding on strawberry achenes (Handley and Pollard 1993). Before achenes lignify, 
nymphs and adults cause the most significant damage to strawberries (Handley and Pollard 
1993). Nonviable achenes are produced and deformities of the fruit usually occur at the tip of 
the fruit caused by the failure of injured cells to enlarge (Handley and Pollard 1993). 
Management tactics used against L. lineolaris include insecticides (Bordelon et al. 
1999, Cooley et al. 1996), tolerant cultivars (Handley et al. 1991), cultural controls including 
timing of the mowing of adjacent alternative plant hosts (Gleason and Lewis 1992, Strand 
1994), and biological control (Norton et al. 1992). If cutting of alfalfa near strawberry fields 
is required, then strip mowing at 2-week intervals should be considered because this 
preserves populations of natural enemies and inhibits Lygus migration (Strand 1994). 
Nordlund (2000) introduced the possibility of area-wide management for Lygus spp. in 
cotton and other field crops. Lygus species are secondary pests in crops such as cotton. 
However, with the boll weevil area-wide management program, Lygus spp. are becoming 
primary pests, therefore pesticides have to be used against them, thus, negatively affecting 
the boll weevil's management program (Ehler et al. 1973). Other characteristics of Lygus 
spp. that make them amenable for an area-wide management program are their high mobility, 
polyphagy, and multivoltine (completes life cycle more than twice in one year) behavior. 
Therefore, a cooperative effort of several farmers within an area would increase the 
possibility of a successful area-wide management program (Nordlund 2000). Ruberson and 
Williams (2000) discussed different ways where biological controls could be an effective 
component of area-wide management for Lygus spp. They explained the importance of 
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understanding the native natural enemy complex as a basis for habitat manipulation to 
enhance naturally occurring biological control. 
Several parasitoid species attack eggs, nymphs and adults of L. lineolaris (Table 1 ). 
Even though L. lineolaris is a native species (Young 1986), classical biological control 
programs have introduced exotic parasitoid species for this pest, because most of the crops 
attacked by L. lineolaris are introduced (Day 1996). 
Population and life history studies of L. elisus and L. hesperus were developed by 
Shull (I 932) in Idaho. He reared two parasitoid species from the eggs of both Lygus spp. and 
one parasitoid species from the nymphs. Anaphes ovijentatus (Hymenoptera: Mymaridae) 
was successfully reared from the egg, whereas only one individual nymphal parasitoid 
eclosed as an adult, but was not identified in Shull's dissertation. 
From 1988 to 1995, Day (1999) collected seven mirid species from alfalfa and 
alfalfa-grass fields in New Jersey and Delaware to compare parasitism rates among several 
native and introduced parasitoids. Peristenus digoneutis and P. conradi (Hymenoptera: 
Braconidae) were introduced in North America to reduce populations of L. lineolaris and 
Adelphocoris lineolatus (Heteroptera: Miridae) respectively (Day et al. 1990, Day 1995). 
Higher parasitism rates of L. lineolaris by P. digoneutis were observed compared to native 
parasites (P. pallipes and Leiophron uniformis) (Hymenoptera: Braconidae). It is possible 
that this introduced parasitoid is not encapsulated by the host (Debolt 1989). An additional 
factor influencing the level of parasitism is that native parasitoids may not be evolutionarily 
compatible with the introduced crops attacked by L. lineolaris (Day 1996). 
In the strawberry fields of California, Norton et al. ( 1992) reported 80% parasitism of 
L. hesperus eggs by Anaphes iole (Hymenoptera: Mymaridae). In Canada, Sohati et al. 
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(1989) reported four species of egg parasitoids attacking L. lineolaris feeding on Amaranthus 
retrojlexus (redroot pigweed) including A. io/e, Polynema pratensiphagum, Erythemelus 
miridiphagous (Hymenoptera: Mymaridae) and Telenomus laricis (Hymenoptera: 
Scelionidae). Recently a new species, Peristenus howardi, was discovered parasitizing L. 
hesperus in Idaho (Day et al. 1999). Cross et al. (2001) reviewed the natural enemies of 
strawberry pests in Europe and reported one consideration with using parasitoids against 
Lygus: the known nymphal parasitoids exhibit a koinobiont behavior, thus parasitized Lygus 
continue to feed and develop. However, augmentative releases of egg parasitoids could be an 
important contribution to the suppression of this pest in strawberry fields. 
For this thesis, I reported which species of parasitoids and pathogens attack the 
nymphal and adult stages of L. lineolaris in Iowa. Based upon this assessment, decisions 
could be made if P. digoneutis or other parasitoid species should be introduced in Iowa for 
the biological control of L. lineolaris. 
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Table 1. Parasitoids of Lygus lineolaris (modified from Rose, 1996) and Lygus hesperns 
(modified from Ruberson and Williams 2000). 
Order Family Parasitoid Life stage Location 
attacked 
Hymenoptera Mymaridae Anaphes iole Girault Egg California 
(Norton et al. 1992) 
Erythmelus miridiphagous Egg Canada 
Gahan 
(Sohati et al. 1989) 
Polynema pratesinpahgum Egg Canada 
Walley (Sohati et al. 1989) 
Scelionidae Telenomus laricis Walker Egg Canada 
(Sohati et al. 1989) 
Braconidae Leiophron lygivora Loan (Van Nymph Massachusetts 
Driesche and Hauschild 1987) 
Nymph New Jersey 
Leiophron uniformis Gahan 
(Day 1999) 
Peristenus digoneutis Loan Nymph New Jersey 
(Day et al. 1990) 
P. pallipes Curtis Nymph Canada 
(Lim and Stewart 1976) 
P. pseudopallipes Curtis (Lim Nymph Canada 
and Stewart 1976) 
P. howardii (Day et al. 1999) 1 Nymph Idaho 
P. stygicus (LaChance et al. Nymph Canada 
unpublished data) 
1 *= reported only on L. hesperus 
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Table 1. (continued) 
Order Family Parasitoid Life stage Location 
attacked 
Diptera Phasia (Alophorella) fumosa Adult New Jersey 
Coquillet 
(Clancy & Pierce 1966) 
Phasia (Alophorella) opaca Adult Canada 
Coquillet 
(Clancy & Pierce 1966) 
Phasia (Alophorella) pulverea Adult Wisconsin 
Coquillet (Clancy & Pierce 
1966) 




Thrips are classified in the Order Thysanoptera, which contains two suborders, 
Tubulifera and Terebrantia, and eight families (Gaston and Mound 1993). Most crop pests 
are in the suborder Terebrantia, family Thripidae (Lewis 1997). Thrips have asymmetrical 
mouthparts. The functional left mandible is used to pierce plant cells; maxillary stylets are 
then inserted and plant cell contents removed (Heming 1978, Chisholm and Lewis 1984, 
Hunter and Ullman 1989). Phytophagous thrips feed on leaf and petal cells and pollen 
grains. Some predominately phytophagous species are also predatory, feeding on insect eggs, 
and the active life stages of mites and small insects (Kirk 1995). For example, F. occidentalis 
is primarily phytophagous, but Trichilo and Leigh (1986) considered them opportunist 
predators, because they also prey on spider mites (Tetranychus spp). 
Females in the Frankliniel/a genus have a well-developed external ovipositor, which 
is used to insert a single egg into plant tissue (Childers and Achor 1991 ). The life cycle 
consists of six stages: egg, first instar, second instar, prepupa, pupa, and winged adult. The 
length of the life cycle is dependent on ambient temperatures (Van Driesche 1999, Pundt, 
1999). After 2-4 days at 17 to 37° C, eggs hatch and the first instars feed for 1-2 days before 
molting into the second instar (Robb et al. 1988). The second instar moves down the plant 
into the soil and becomes a prepupa. Finally, individuals change from the prepupa to pupa, 
and then transform into an adult within 1-3 days (Sadof 1993, Robb et al. 1988). The sex-
ratio is typically biased towards females and sometimes males are rare (Higgins and Meyers, 
1992). 
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Plant feeding thrips are considered minor pests of many agricultural crops. However, 
thrips can be economically important because of direct feeding damage, vectoring of viral 
plant pathogens, and dissemination to a wide variety of crops (Lewis 1973, 1997). In the 
tropics, thrips cause considerable damage to several crops including onion, tomato, plantains, 
bananas, and flowers (A. Gonzalez, Tropical Insects, Dept. of Crop Protection, Univ. of 
Puerto Rico, personal communication). However, in temperate regions, greenhouse grown 
flowers and young transplant crops are the most commonly infested. In Finland, the 
government spent $390,000 to eradicate the Western flower thrips, Frankliniella 
occidentalis, from greenhouses (Lewis 1997). Without this programs, estimates showed, 
losses could have reached $7.5 million within 4 years (Lewis 1997). During the 1950s, in 
Iowa, Thrips tabaci (Thysanoptera: Thripidae) caused a 33% reduction in alfalfa yields 
(Wolfenbarger and Hibbs 1958). I have not been able to find any studies of thrips in Iowa 
since this 1958 study. 
The first record of the Order Thysanoptera in Iowa was in 1895, when 13 species 
were documented (Beach 1895). In 1936, Floyd Andre wrote his doctoral dissertation on the 
Thysanoptera of Iowa, in which species were collected from crop and non-crop host plants. 
Eighty-seven species ofThysanoptera occurred in Iowa, including Frankliniella tritici, F. 
occidentalis, and F.fusca (Thysanoptera: Thripidae) (Andre 1936). Frankliniella tritici was 
collected from leaves of mullein (Verbascum thapsus ) and alfalfa (Medicago saliva). 
11 
Table 2. Economically important Host Plants of Frankliniel/a tritici (modified from Lewis, 
1997). 
Crol! Scientific name Location Reference 
Asparagus Asparagus officinalis: North America Banham 1968 
Liliaceae 
Cabbage Brassica oleracea: Ohio Hoy and Kretchman 
Brassicaceae 1991 
Cowpeas Vigna unguiculata: North America Sweeden and McLeod 
Fabaceae 1993 
Groundnut Arachis hypogaea: North America Lynch and Mack 1995 
Fabaceae 
Rape Brassica campestris: Canada Burgess and Weegar 
Brassicaceae 1988 
Roses Rosa spp.: Rosaceae Maryland Henneberry et al. 1961 
Safflower Cathamus tinctorius: Montana Weiss and Beshear 
Asteraceae 1987 
Soybean Glycine max: Fabaceae North America Irwin and Yeargan 
1980 
Stone fruit Prunus ameniaca; P. California Bailey 1938 
persica v. nucipersica, P. 
persica: Rosaceae 
Strawberries Fragaria spp.: Rosaceae Canada Lynch and Tremblay 
1995 
Tobacco Nicotiana tabacum: North America McPherson et al. 1992 
Solanum 
In strawberries, the most noticeable feeding damage by thrips is to the fruit. Farmers 
refer to this damage as bronzing of the fruit (Lynch and Tremblay 1995) or seedy berry. In 
New Brunswick, Canada, Frankliniella tritici was identified as the causal agent of necrotic 
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flecking or bronzing of the seeds and fruits of the strawberry cultivar Kent and resulted in 
lower fruits quality (Lynch and Tremblay 1995). In Spain, F. occidentalis oviposition and 
feeding caused bronzing of the berries and wilting of some flowers (Ribes 1990). In 
California, F. occidentalis is the primary thrips species attacking the strawberry cultivar 
Shasta (Allen and Gaede 1963). Feeding was not detrimental to the berry and in some cases 
their presence was beneficial because decreased berry deformation resulted from the increase 
of pollination (Allen and Gaede 1963). In Illinois, Farrar (1936) collected blooms from 
strawberry plants and extracted the thrips with Berlese funnels. He also caged individual 
flowers and groups of flowers within paper bags and glass cylinders and placed thrips in half 
of the cages. Groups of flowers infested with more than five thrips per fruit developed the 
first two individual flowers, whereas the remaining flowers were aborted. Non-infested 
blossoms developed more fruits, but abortion also occurred among younger blossoms (Farrar 
1936). Similar numbers of fruits developed in the infested and the non-infested blooms. 
Thus, Farrar (1936) concluded that ability to set fruit is not associated with the thrips 
infestations, but with blooming order and plant vigor. 
Several studies have concluded thrips cause significant damage to strawberries, 
whereas other studies did not report any damage. Factors influencing these varying results 
could include different strawberry cultivars, different thrips species (F. tritici or F. 
occidentalis), and different types of methodology. 
The thrips species infesting strawberry fields in Iowa in the late 1940s included F. 
tritici and F. fusca (Mitchell 1949). Thrips begin feeding on strawberry plants when the buds 
start to open in April and May. The piercing of the cells causes individual cells to die (Lynch 
and Tremblay, 1995). The feeding damage differs from that caused by L. lineolaris because 
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thrips feed on the fruit between the seeds, whereas L. lineolaris feeds on individual seeds 
(Lynch and Tremblay 1995, Allen and Gaede 1963). 
Starting in 1994, growers in the Midwest began to observe seedy fruit with a rubbery 
texture and poor coloration in their strawberry fields (Bordelon et al. 1999). However, it was 
not determined if this condition resulted from the thrips feeding or low temperatures during 
fruit formation (Bordelon et al. 1999). Bordelon et al. (1999) recommended growers to 
inspect closely early blossoms and developing strawberry fruits of early season varieties and 
apply insecticides if thrips exceeded 2 per blossom. No specific sampling methods were 
recommended for growers. 
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CHAPTER 2. ASSESSMENT OF PARASITISM AND FUNGAL INFECTIONS OF 
LYGUS LINEOLARIS ADULTS AND NYMPHS IN ALFALFA AND STRAWBERRY 
FIELDS 
A paper to be submitted to Environmental Entomology 
Bethzayda Matos and John J. Obryck:i 
Abstract 
Lygus lineolaris (Heteroptera: Miridae) is the principal insect pest of strawberries in 
Iowa. From April to September 2000 and 2001, L. lineolaris adults and nymphs were 
collected weekly from strawberry and alfalfa fields. Adults and nymphs were reared and 
dissected to detect parasitoids or fungal infections. Lygus lineolaris were reared in a false-
bottom cage that allowed parasitoid larvae to drop into vermiculite and pupate. No 
parasitoids were observed from L. /ineolaris collected from strawberries in either year. Four 
parasitoid pupae and one parasitoid larva were reared from 1,326 individuals collected in 
alfalfa in 2000. One adult L. lineolaris was infected with Beauveria bassiana in 2000. During 
2001, 42 unidentified parasitoid larvae were observed in 792 dissected individuals. 
Keywords 
Lygus lineolaris, parasitoid, strawberries, alfalfa 
Introduction 
In Iowa, Lygus lineolaris Palisot de Beauvais (Heteroptera: Miridae) is considered the 
principal insect pest of strawberries (Gleason and Lewis 1992). Depending upon 
environmental conditions, it completes development during the summer in about 4 weeks, 
producing two to four overlapping generations (Gleason and Lewis 1992). Lygus lineo/aris 
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feeds directly on strawberry fruits, therefore effective management of this insect is required 
(Schaefers and Shanks 1991). 
In Iowa, it is presumed that adult L. lineolaris overwinter in leaf litter and loose tree 
bark (Gleason and Lewis 1992, Metcalf and Metcalf 1993, Ridgway and Gyrisco 1960). 
Similarly adults of the congeneric, Lygus hesperus Knight (Heteroptera: Miridae) overwinter 
outside strawberry fields in California (Strand 1994). In spring after 140 degree-days have 
accumulated above l2°C, female L. hesperus start appearing and laying eggs in strawberry 
fields (Strand 1994). Adult L. hesperus and Lygus elisus Van Duzee (Heteroptera: Miridae) 
overwinter in volunteer alfalfa in Washington (Fye 1982), which could explain why Lygus 
spp. are observed in alfalfa early in spring. Alfalfa fields may have greater numbers of L. 
hesperus compared to strawberry fields (Udagayiri 2000), however, the damage in 
strawberries can be significant, because feeding reduces market value of the fiuit. 
Management tactics used against L. lineolaris include insecticides (Bordelon et al. 
1999, Cooley et al. 1996), tolerant cultivars (Handley et al. 1991 ), cultural control (Gleason 
and Lewis 1992), and biological control (Day et al. 1990). Several parasitoid species attack 
eggs, nymphs and adults of L. lineolaris (Clancy and Pierce 1966, Day 1999). Even though 
L. lineolaris is a native species (Young 1986), classical biological control programs have 
imported parasitoid species, because many of the crops attacked by L. lineolaris in North 
America are introduced (Day 1996). Several parasitoid species have been imported from 
Europe (Coulson 1987), but only Peristenus digoneutis Loan (Hymenoptera: Braconidae) has 
become established (Day et al. 1990). Recently, a new species, Peristenus howardi Shaw, 
was discovered parasitizing L. hesperus in Idaho (Day et al. 1999). Even though L. lineolaris 
is a major insect pest in most of the eastern half of the U.S., relatively little is known about 
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its parasitoids and pathogens. Lygus lineolaris was naturally infected by Beauveria bassiana 
(Deuteromycotina: Moniliales) in alfalfa fields of Arkansas (Steinkraus and Tugwell 1997). 
This sample of B. bassiana was used in field experiments in cotton and demonstrated that B. 
bassiana caused up to 89% mortality of adult L. lineolaris 5 days after treatment with B. 
bassiana conidia and 100% mortality after 7 days (Steinkraus and Tugwell 1997). 
The objectives of this two-year field study were to assess the abundance of L. 
lineolaris and identify the nymphal and adult parasitoids attacking L. lineolaris in alfalfa and 
strawberry fields in Iowa and quantify levels of parasitism. fu addition, if adult L. lineolaris 
were assessed for natural infection by B. bassiana. 
Materials and Methods 
To determine the occurrence and abundance of nymphal and adult parasitoids of L. 
lineolaris in alfalfa fields, L. lineolaris adults and 2nd - 5th instars were collected from three 
sites in central Iowa (farms 1, 2, and 4) (Table 1). Farm 3 and 4 did not have closer alfalfa or 
strawberry fields accessible, respectively. Movement of L. lineolaris adults among fields is 
common, so initial samples for each year were taken in alfalfa. Alfalfa and strawberry fields 
were adjacent to each other at Farms 1 and 2. No alfalfa field was located near Farm 3, 
therefore alfalfa at Farm 4 was sampled, which was approximately 14 miles away from Farm 
3. 
Weekly sweep samples were taken from alfalfa fields for approximately 21 weeks 
from April to September in 2000 and 2001. In 2000, samples from strawberry fields were 
taken weekly from Farm 3 for 4 weeks (May 22 to June 13), and for 6 weeks at Farms 1 and 
2 (May 15 to June 20). In 2001 , strawberry samples were taken weekly from May 14 to June 
11 at Farms 1, 2, and 3. 
22 
White-pan sampling was used in strawberry fields to monitor L. lineolaris in 
strawberries (Rose 1996). On each sample date, 10 to 15 individual strawberry flower 
clusters were shaken into a white 40 cm x 25 cm x 6.5 cm enamel pan. Using a small 
paintbrush, L. lineolaris collected in the pan were placed inside empty vials and counted in 
the laboratory. Voucher specimens were deposited in the Iowa State University Insect 
Collection. 
2000. Weekly alfalfa sweep samples were taken from May 10 to September 28. The length of 
one alfalfa stem was measured each week at each field. Within each alfalfa field, ten 15 x 15 
m plots were established. These plots were> 5 meters from the edge of the field. One sample 
(20 sweeps with a 37 cm diameter sweep net) was collected from each plot each week. Each 
sample was placed in a brown paper bag and sorted the same day. If there were_::: 5 L. 
lineolaris in the sample, all individuals were frozen. If there were> 5 L. lineolaris, 
approximately 25% of the nymphs and adults were frozen and the remaining individuals 
from each sample were placed in false-bottom cages (Day et al. 1990, Day 1994). In each 
cage, a mesh screen bottom allowed parasitoid larvae to drop into vermiculite to pupate and 
avoid predation by L. lineolaris nymphs (Day 1996). Lygus lineolaris and parasitoids were 
reared at 22°c with a photoperiod of 16:8 L:D. A fresh alfalfa stem was added to each cage 
daily. 
The frozen nymphs and adults were thawed and dissected under water to detect 
parasitoid larvae using an Olympus® SZH dissecting microscope at 30x (Day 1994). 
Vermiculite from the cages was examined for parasitoid pupae 20 days after the last L. 
lineolaris in the cage died. Dead L. lineolaris found in cages were not dissected. 
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We placed 181 adult L. lineo/aris (14% of all L. /ineolaris collected) in 9-cm-
diameter. Petri dishes that contained selective media developed for B. bassiana (Doberski 
and Tribe 1980). After the wings of the adults were removed, the adults were placed in a 3% 
bleach solution for one minute, then rinsed in distilled water three times. Each specimen was 
air dried and placed on the selective media, and cultured for 10 days at 27°C. 
2001. For the first 7 weeks of sampling, methods were similar to 2000. Starting the 8th week 
(June 25, 2001), all individuals were dissected on the day of collection. We eliminated the 
rearing of L. lineolaris, because in 2000, one parasitoid larva was reared from caged L. 
lineolaris. When pupae were found in vermiculite trays from the first 8 weeks of sampling, 
they were placed in a cotton-plugged vial. The cotton was moistened daily to maintain 
humidity at approximately 70-75%. 
Numbers of L. lineolaris collected were analyzed by using analysis of variance 
(PROC MIXED) (SAS 1998). The factors examined were locations (farms) and time 
(weeks). 
Results 
2000. From May 10 to May 24, approximately 10-15 specimens of the alfalfa bug, 
Adelphocoris lineolatus (Goeze) (Heteroptera: Miridae), were misidentified and counted as 
L. /ineolaris. Significant differences were observed among the three farms (F= 36.27; DF= 2, 
27; P < 0.0001) (Table 6). The populations at the Farm 4 were lower, possibly due to the 
frequent cutting of alfalfa(~ every 30 days) (Table 2). Even though the alfalfa at the Farm 1 
was cut only once during the season (week of Aug 21), populations of L. lineolaris were 
similar to those in the alfalfa at the Farm 2, which was cut twice. On August 21, we sampled 
from a 2 week old cut alfalfa field adjacent to our original alfalfa field at Farm 1. We 
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changed fields because the density of alfalfa stems in the original field was lower than the 
density of weed stems. We observed that the height of the alfalfa field did not increase the 
likelihood of finding natural enemies. For example, on September 10, we collected an 
average of 0.5 L. lineolaris in 36-cm-tall alfalfa from Fann 2 and reared one parasitoid larva 
and on June 12, we collected an average of 2.6 L. lineolaris from 95.5-cm-tall alfalfa and 
recovered one parasitoid pupa in the vermiculite. 
At the Farm 4, the number of L. lineolaris sampled and the height of alfalfa showed a 
positive correlation (r2=0.54), but a negative correlation (r2= -0.16) at Farm 2, and a weak 
correlation (r2= 0.12) at Fann 1 (Fig la, b, c). 
The range in mean numbers of L. lineolaris collected from strawberry fields was O to 
9.4 per white-pan sample (Table 3). We found no parasitoids from the L. lineolaris collected 
from the three strawberry fields in 2000. 
, Dr. Les Lewis, United States Department of Agriculture- Agricultural Research 
Service (USDA-ARS)- Com Insect and Crop Genetics Research Unit, identified one L. 
lineolaris collected on September 21 from Farm 4 infected with B. bassiana. 
2001. Significant differences in numbers of L. lineolaris were observed among the three 
farms (F= 4.80; df= 2, 27; P= 0.0165) (Table 7). On June 19, at Fann 2, we collected and 
dissected 177 individuals and observed one parasitoid larva in one L. lineolaris nymph. 
However, the next week, June 26, the sample from Fann 2 contained 140 L. lineolaris (48 
adults and 92 nymphs). We dissected the 48 L. lineolaris adults and observed 18 
hymenopteran parasitoid larvae (Table 6). 
25 
At the three farms, the number of L. lineolaris sampled and the height of alfalfa 
showed a positive correlation at Farm 1 (r2=0.61), Farm 2 (r2= 0.5), and Farm 4 (r2= 0.5) (Fig 
2 a,b,c). 
The numbers of L. lineolaris in strawberry fields in 2001 were lower than the 
numbers observed in 2000 (Table 3). We observed no parasitoids from the L. /ineolaris 
collected from strawberry fields. On June 6, we collected 13 L. lineolaris from the strawberry 
field at the Farm 3, which was located next to an alfalfa strip (2 x 60 m (width x length) that 
was cut on June 4. 
Discussion 
No adult parasitoid stages were successfully reared from 1,873 nymph and adult L. 
lineolaris. In New Jersey, estimated rates of parasitism of L. lineolaris nymphs were 19% 
when individuals were dissected, and 13% when individuals were reared from L. lineolaris 
hosts (Day et al. 1990). In Idaho, the parasitoid P. howardii attacked 81 % of the first 
generation of L. hesperus and 44-51 % of the second generation (Day et al. 1999). In contrast, 
we observed relatively low parasitism rates of L. lineolaris nymphs and adults. In 2000, only 
4 pupae and 1 parasitoid larva were reared from nymph and adult hosts. More parasitoid 
larvae were observed in dissections in 2001 (N= 42) than in 2000 (N=2). In 2000, the 
seasonal average rate of parasitism of L. lineolaris nymphs and adults was 0.3%. In 2001, the 
seasonal average parasitism rate was 4% of which 75% were from adult L. lineolaris hosts. 
In New Jersey, Day (1995) observed dipteran larvae inside L. lineolaris adults and the 
presence of hymenopteran larvae in L. lineolaris adults was of poor synchrony in New 
Jersey. In Iowa collections, 3 times more parasitoid larvae were dissected from L. /ineolaris 
adults compared to L. lineolaris nymphs. 
26 
The mean numbers of L. lineolaris observed in strawberry fields were similar to those 
in a previous study (Rose 1996). Rose (1996) reported mean numbers of L. lineolaris in 
white-pan samples for 2 years at one farm were from 0-5.5 in 1994 and 0-3.5 in 1995. 
Damage to strawberries (apical seediness) was approximately 80% in 1994 and 30% in 1995. 
Gleason and Lewis (1995) reported an average incidence of L. lineolaris damage of 4.9%. 
There are three possible reasons why parasitoid populations did not build up in alfalfa 
or strawberry fields in Iowa. First, we observed relatively low numbers of L. lineolaris in 
these two crops in Iowa compared to numbers in alfalfa in New Jersey (Day 1996). In 200 
sweeps the highest mean number of nymphs observed was 7.2 (3.6 per 100 sweeps) (Fig. 3), 
whereas Day (1996) reported a range of nymph mean numbers from 60 to 130 per 100 
sweeps. In 2001, we separated nymphs from adults, and at the peak number of nymphs (mean 
= 7.2) we did not observe densities of nymphs previously reported by Day (1996). Second, 
parasitoid numbers were low. Lygus /ineolaris populations were high, but diversity of 
parasitoids was low. Third, Lygus lineolaris remains in the strawberry for a short period of 
time, therefore the parasitoids do not have enough time to increase in numbers their 
populations. 
Based upon this study nymphal and adult parasitoids were not abundant, but this does 
not mean that other natural enemies for which we did not sample for are not valuable to 
Iowa's strawberry and alfalfa ecosystems, such as egg parasitoids or predators. Egg 
parasitoids have shown high parasitism rates of L. hesperus in California strawberries 
(Norton et al. 1992). Al-Ghan1di et al. (1995) reported synchrony between adult L. lineolaris 
and 3 egg parasitoids in three different habitats (alfalfa, mixed weeds, and crown vetch) in 
southwestern Quebec. Predators are another biotic mortality factor that may affect L. 
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/ineolaris is. Nabis spp. and Geocoris spp. have been recorded as predators in Lygus spp. 
nymphs and adults in alfalfa (Clancy and Pierce 1966). 
One individual was infected with B. bassiana and two L. /ineolaris were attacked by 
nematodes. Nematode infections in Hemiptera are sporadic (Poinar 1975). Fungi are more 
commonly reported to infect mirids compared to bacterial and protozoan pathogens (Wheeler 
2001). Beauveria bassiana, an entomopathogenic fungus, has been recovered from naturally 
infected L. lineolaris in Arkansas (Steinkraus and Tugwell 1997). Conidia from B. bassiana 
in cotton fields infected L. /ineolaris for up to 4 days (Steinkraus and Tugwell 1997). 
However, insecticide applications to alfalfa reduced L. hesperus to a greater extent than B. 
bassiana (Noma and Strickler 1999). Unless appropriate (relative humidity, and temperature 
conditions) for infection by B. bassiana, by significant reductions of L. lineo/aris would not 
likely be observed in alfalfa (Noma and Strickler 1999) .. 
Another factor affecting parasitism might be the defensive mechanism L. lineolaris 
has evolved against parasitoids. The parasitoid, Leiophron uniformis was placed in 
observation arenas with 40 to 80 second and third L. lineolaris and L. hesperus instars 
(Debolt 1989). After the nymphs of both species were attacked by L. uniformis, these 
nymphs were dissected. Greater than 50% of L. lineolaris had no sign of parasitization, 
whereas parasitoids in L. hesperus hosts were in larval stages. Parasitoid eggs had been 
encapsulated inL. lineo/aris (defense mechanism that encloses foreign particles with 
hemocytes) (Chapman 1998, Debolt 1989). 
Low levels of parasitism of nymphs and adults of L. lineolaris in Iowa were 
documented in this study. The parasitoids dissected from adult L. lineolaris were 
hymenopteran larvae, which have not been reported before. Low densities of L. lineolaris 
28 
were collected compared to previous studies in the Northeastern U.S. (Day 1996). No 
parasitism was reported from strawberry fields and this could be due to short period of time 
L. lineolaris is found in strawberry fields. During this study we collected a naturally infected 
adult L. lineolaris infected with B. bassiana. More pathogens and parasitoids may be 
associated with L. lineolaris in other habitats that were not sampled in this study. 
Acknowledgements 
Thanks to Susan Chapman, Lindsay Clark, and Karini Encarnacion for their technical 
assistance with samples, dissections, and rearing of Lygus lineolaris. This research was 
partially supported by the Leopold Center for Sustainable Agriculture and a graduate 
research assistantship for B.M. from the ISU Graduate Minority Assistantship Program. 
References Cited 
Al-Ghamdi, K. L., R. K. Stewart, and G. Boivin. 1995. Synchrony between populations of 
the tarnished plant bug, Lygus lineolaris, (Palisot de Beauvais) (Hemiptera: Miridae), and its 
egg parasitoids in southwestern Quebec. Can. Entomol. 127:457-172. 
Bordelon, B., M. Ellis, and R. Weinzierl. 1999. Iowa commercial small fruit and grape 
spray guide 1999. Iowa State University Extension pp. 24. 
Chapman, R.F. 1998. The insects: structure and function, 4th edition. Cambridge Universtiy 
Press, UK. 
Clancy, D.W. and H.D. Pierce 1966. Natural enemies of some Lygus bugs J. Econ. 
Entomol. 59:853-858. 
Cooley, D.R., W.F. WiJcox, J. Kovach, and S.G. Schloemann. 1996. Integrated Pest 
management programs for strawberries in the northeastern United States. Plant Disease 
80:228-237. 
Coulson, J.R.1987. Studies on the biological control of plant bugs (Heteroptera:Miridae): an 
introduction and history, 1961-1983, pp. 1-12 In R.C. Hedlund and H.M. Graham eds., 
Economic Importance and biological control of Lygus and Adelphocoris in North America. 
U.S. Department of Agriculture, Agricultural Research Service No. 64. National Technical 
Information Service, Springfield, VA. 
29 
Day, W.D. 1994. Estimating mortality caused by parasites and diseases of insects: 
comparisons of dissection and rearing methods. Environ. Entomol 23: 543:550. 
Day, W.H. 1995. Biological on observations on Phasia robertosonii (Townsend) (Diptera: 
Tachinidae), an native parasite of adult plant bugs (Hemiptera: Miridae) feeding on alfalfa 
and grasses. J. New York. Entomol Soc. 103: 100-106. 
Day, W.H. 1996. Evaluation of biological control of the tarnished plant bug (Hemiptera: 
Miridae) in alfalfa the introduced parasite Peristenus digoneutis (Hymenoptera: Braconidae). 
Envron. Entomol. 25:512-518. 
Day, W.H., C.R. Baird, and S.R. Shaw. 1999. New, native species of Persitenus 
(Hymenoptera:Braconidae) parasitizing Lygus hesperus (Hemiptera:Miridae) in Idaho: 
biology, importance, and description. Ann. Entomol. Soc. Am. 92:370-375. 
Day, W.H., R.C. Hedlund, L.B. Saunders, and D. Coutinot. 1990. Establishment of 
Peristenus digoneutis (Hymenoptera:Braconidae ), a parasite of the tarnished plant bug 
(Hemiptera: Miridae}, in the United States. Environ. Entomol. 19:1528-1533. 
Debolt. J~_W. 1989. Encapsulation of Leiophron uniformis by Lygus lineolaris and its 
relationship to host acceptance behavior. Entomol. Exp. Appl. 50:87-95. 
Doberski, J.W. and H.T. Tribe. 1980. Isolation of entomogenous fungi from elm bark and 
soil with treference to ecology of Beauveria bassiana and Metarhizium anisopliae Trans. Br. 
Mycol. Soc. 74:95-100. 
Fye, R.E. 1982. Overwintering ofLygus bugs in Central Washington: Effects ofpre-
overwintering host plants, moisture, and temperature. Environ. Entomol. 11 :204-206. 
Gleason, M. L. and D.R. Lewis 1992. Integrated pest management for Iowa commercial 
fruit and vegetable growers. Iowa State Univ. Ext. Pub. PDO-83. 
Gleason, M. L. and D.R. Lewis 1995. !PM on-farm trials for tarnished plant bug control in 
strawberries in lowa-1995 results. Strawberry !PM update, Iowa State University, August. 2: 
10-11. 
Handley, D.T., J.F. Dill, and J.E. Pollard. 1991. Field susceptibility of twenty strawberry 
cultivars to tarnished plant bug injury. Fruit Var. J. 45:166-169. 
Metcalf. R.L. and R. A. Metcalf. 1993. Destructive and useful insects: their habits and 
control 5th ed., McGraw-Hill, Inc. , New York, USA. 
Noma, T. and K. Stickler. 1999. Factors affecting Beauveria bassiana for control of Lygus 
bugs (Hemiptera: Miridae) in alfalfa seed fields. J. Agric. Urban Entomol. 16: 215-233. 
30 
Norton, A. P., S.C. Welter, J.L. Flexner, C.G. Jackson, J. W. Debolt, and C. Pickel. 
1992. Parasitism of Lygus hesperus (Miridae) by Anaphes iole (Mymaridae) and Leiphron 
uniformis (Braconidae) in California strawberry. Bio. Control 2:131-137. 
Poinar, G.O. 1975. Entomogenous nematodes: A manual and host list of insect-nematode 
associations. Brill, Leiden. 
Rose, R. 1996. Management alternatives for Lygus lineolaris Palisot de Beauvois 
(Heteroptera: Miridae), the tarnished plant bug, in Iowa strawberries. MS Thesis, Iowa State 
University. 
Ridgway, R.L. and G. G. Gyrisco. 1960. Studies of the biology of the tarnished plant bug, 
Lygus lineolaris. J. Econ. Entomol 53: 1063-1065. 
SAS Institute. 1998. User1s manual, version 7.0. SAS Institute, Cary, NC. 
Schaefers, G.A. and C.H. Shanks, Jr. 1991. Pest management for strawberry insects. CRC 
Handbook of Pest Management in Agriculture 3: 535-552. 
Steinkraus, D.C. and N.P. Tugwell. 1997. Beauveria bassiana (Deuteromycotina: 
Moniliales) effects on Lygus lineolaris (Hemiptera: Miridae). J.Entomol. Sci. 32: 79-90. 
Strand, L.L. 1994. Integrated pest management for strawberries. University of California 
statewide integrated pest management project division of agriculture and natural resources, 
Pub. 3351. 142 pp. 
Udayagiri, S. S.C. Welter, and A. P. Norton. 2000. Biological control of Lygus hesperus 
with inundative releases of Anaphes iole in a high cash value crop. Southwest Entomol. 
Suppl. 23:. 27-38. 1 Society, Dallas, TX. 
Wheeler, A.G. 2001. Biology of plant bugs (Hemiptera: Miridae): pests, predators, 
opportunists. Cornell University Press, Itahca, NY. 
Young, O.P. 1986. Host plants of the tarnished plant bug, Lygus lineolaris (Heteroptera: 
Miridae). Ann. Entomol. Soc. Am. 79:747-762. 
31 
Table 1. Locations, sizes, and characteristics of three strawberry fanns and alfalfa fields 
where L. lineolaris were collected in central Iowa; 2000, 2001. 
Site Horticultural Turtlefarm Berry Patch University Village 
Fann No. 1 No.2 No. 3 No.4 
Location Gilbert, IA Granger, IA Nevada, IA Iowa State University 
campus, Ames, IA 
Size 48 X 34 ffi 60x 30 m 60 X 33 ID 60 x 30 m (area 
sampled) 
No.of 101/ 25 rows 30 rows 30 rows 
rows 




Age of 3rd year 3rd year 5th year 
planting 
1 Ten rows were sampled the first year. The second year 25 rows were sampled. 
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Table 2. Number of Lygus lineo/aris (mean± SD) collected per 20-sweep samples per site 
during 21 weeks in three alfalfa fields in central Iowa in 2000. (N=l0 samples for each 
mean) 
Date Farm 1 Farm2 Farm4 
5/10-5/12 7.5± 3.6 18.4± 8.9 4± 1.8 
5/15-5/17 3,9± 3.1 7.9± 2.9 4.6± 4.1 
5/22-5/241 21.9+ 10.6 11.2± 5.5 0 
5/29-5/31 9,9± 4.6 0.9± 1.3 0.7± 0.8 
615-617 9.9± 4.4 0.4± 0.4 1.9± 1.7 
6/12-6/14 2.6± 1.6 0.4± 0.6 2±1.4 
6/19-6/21 3.1± 2.6 2.3± 1.6 0 
6/26-6/28 •· 3.4± 1.9 1.6± 1.1 0 
7/3-7/5 2.4± 2.0 0.9± 0.8 0.1± 0.2 
7/10-7/11 8±4.9 8.1± 4.2 0.8± 0.6 
7/17 8±4,3 0 0.5± 0.5 
7/25 9.9± 5.8 0.1± 0.2 1.8± 1.2 
7/31-8/1 3.8± 2.2 2.2± 1.8 0 
8/7-8/8 8.9± 5.6 0.1± 0.2 1.5± 1.1 
8/14-8/16 1.2± 1.0 0.1± 0.2 1.7±1.1 
8/21-8/24 0.8± 1.0 1± 1.0 0.5± 0.5 
8/28-8/31 2,2± 1.6 0.7± 1.0 0,6± 0.6 
9/5-917 3.5± 2.1 0.3± 0.36 1.9± 1.5 
9/10-9/14 4.9± 2.5 0.5± 0.55 5.1± 2.7 
9/18-9/21 5± 2.4 0.6± 1.0 5.2± 2.9 
9/25-9/28 8.8±3.8 0.9± 1.2 4.2± 2.5 
1 The first three weeks could include some alfalfa bug, Adelphocoris spp. which were 
misidentified 
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Table 3. Lygus lineolaris per white-pan sample (mean± SD) based on I 0-15 samples per 
date from three strawbeny farms in Central Iowa in 2000, 2001 . 
Date Farm 1 Farm2 Farm 3 
2000 
5/15-5/16 1.6±2.8 3.6± 3.8 0 
5/22-5/23 1.4± 1.5 0 0 
5/29-5/30 7.7± 4.0 0 0 
6/5-6/6 9.4± 4.2 4.7±2,3 0 
6/13-6/14 4.9± 1.9 0 0 
6/19-6/20 0.8± 1.0 0 0 
Date Farm 1 Farm2 Farm 3 
2001 
5/14/01 0 0 0 
5/22/01 0 0.5 ± 0.85 0.1 ± 0.32 
5/29/01 0.1 ± 0.32 0 0 
6/6/01 0 1.3 ± 4.11 0.2 ± 0.63 
6/11/01 0 0 0 
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Table 4. Results ofrearing and dissection of Lygus lineolaris collected in alfalfa in 2000. 
Collected samples were reared or dissected. A portion of dead L. lineo/aris both adults and 
nymphs from rearing cages were plated to observe B. bassiana. 
Date Field Total Number reared2 Number dissected 
collected1 
5/10 2 184 162 (I) 22 
5/10 4 40 30 10 
5/15 4 46 32 14 
5/23 1 219 174 (1) 45 
5/30 1 99 71 (1) 28 
6/5 4 19 6 13 
6/ 12 4 20 5 15 
6/12 26 0 26 (1) 
7/10 4 8 0 8 (1) 
7/10 2 81 54 27 
7/10 1 80 54 26 
7/17 1 80 54 26 
9/11 4 51 23 (1)3 28 
9/21 4 52 25 27 
9/25 4 42 26 16 
9125 1 88 58 30 
1 Total number of L. lineolaris collected on this date from this farm 
2 One pupa found in vermiculite, which did not become an adult 
3 One parasitoid larva emerged from the L. lineolaris nymph 



















Table 5. Lygus lineolaris (mean± SD) collected per 20 sweep sample per site during 21 
weeks in three alfalfa fields in central Iowa in 2001. (N=lO samples for each mean) 
Date Fann 1 Farm2 Farm4 
4/24-4/28 0 9±0 0.67± 1.0 
517-5/9 0.1± 0.32 1.22± 0.83 1.4 ± 1.35 
5/14-5/15 0.1 ± 0.32 1 ± 1.1 2.1± 1.45 
5/21-5/22 0 0.3 ± 0.48 0.1 ±0,32 
5/28-5/29 0 3.3 ± 3.3 1 ± 1.05 
6/4-6/6 0.9 ± 0.99 5.4 ± 3.80 0.3 ± 0.48 
6/11 2.4 ± 2.220 0 0 
6/18-6/20 4.5 ± 5.25 19.6 ± 8.40 9.8 ± 3.91 
6/25-6/26 9.2 ± 4.80 14 ± 5.90 0 
7/2-7/3 2.2 ± 1.32 0.9 ± 0.99 1.2 ± 1.93 
7/10-7/11 0.9 ± 0.99 0 3.1±2.13 
7/16-7/17 2.9 ± 1.29 0.4 ± 0.69 1.3 ± 1.05 
7/24 10.9 ± 5.93 0.2 ± 0.42 0.8 ± 1.03 
7/30 0 0 0.7 ± 1.25 
8/7 0.8 ± 0.79 0 0.1 ± 0.32 
8/13 2.5 ± 2.5 0.3 ± 0.67 1.2 ± 1.32 
8/21 1.4 ± 1.5 0 0.9 ± 1.2 
8/27 0.9 ± 1.0 0.2 ± 0.6 0.9 ± 0.7 
9/3 3.2 ± 2.2 0 0 
9/9 4.3 ± 1.9 0.7 ±0.9 0 
9/17 5.3 ± 2.2 0.2 ± 0.4 0.2 ± 0.6 
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Table 6. Results of rearing and dissection of Lygus lineolaris collected in alfalfa in 2001. For 
the first 8 weeks dissections were made of dead L. lineolaris found in rearing cages. 
Date Farm Total1 Number reared Number dissected 
(Number ofparasitoid pupae) No. Adult No. Nymph 
(Number of parasitoid larva) 
5/22 2 3 3(1) 
5/29 2 33 33(1) 10 (1) 22 
6/6 2 54 54 (1) 1 52 (3) 
6/11 1 24, 24 (1) 6(2) 17 (1) 
6/19 2 196 196 (1) 39 144 (1) 
6/20 42 98 98 (1) 55 42 
6/25 1 92 0 42(9) 50 (I) 
6/25 2 140 0 48(18) 92 
7/16 1 29 0 24 5 (3) 
7/24 1 2 0 4(1) 4 
7/30 4 7 0 2 5 (1) 
9/18 2 2 0 2(1) 0 
1 Total number of L. lineolaris from this collection time (N) 
2 From 5/22 to 6/20, all individuals reared for one week. From 6/25 to 9/l 8, all individuals 
were dissected. 
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Table 7. Summary statistics for three alfalfa farms in Iowa during 2000, 2001. (ANOVA 
table). 
Source DF F value P value 
2000 
Farm 2 36.27 < 0.0001 
Week 20 16.80 < 0.0001 
Week*Fann 36 6.22 < 0.0001 
Source DF F value P value 
2001 
Farm 2 4.80 0.0165 
Week 20 48.83 < 0.0001 
·  Week *Farm j4 15.23 < 0.0001 
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CHAPTER 3. FRANKLIN/ELLA TR/TIC/ INFESTATIONS OF STRAWBERRIES IN 
IOWA 
A paper to be submitted to Journal of Economic Entomology 
Bethzayda Matos and John J. Obrycki 
Abstract 
We collected the eastern flower thrips, Frankliniella tritici (Fitch) (Thysanoptera: 
Thripidae) from strawberry flowers and fruits for two years from three sites in central Iowa. 
Mean numbers of F. tritici ranged from 0.3 to 7.4 per flower and fruit in 2000 and from 0.1 
to 48 per flower in 2001. Significantly higher numbers of thrips were observed on flowers 
compared to berries. In 2001, strawberry fruits from one strawberry farm were hand 
harvested for 5 days during peak strawberry production; less than 1 % of damaged fruit was 
attributed to thrips damage. At this farm, mean numbers of thrips ranged from 0.1 to 48 per 
flower. A greenhouse study showed that flower and bud stages were damaged by infestations 
of > 5 thrips; however, relatively few berries showed a bronzed appearance, which is the 
typical damage from thrips feeding. 
Keywords 
Frankliniella tritici, strawberry, thrips 
Introduction 
In Iowa, thrips begin appearing on strawberry blossoms when the flowers start to 
open in May (Matos 2001). Damage to strawberry fruits, presumably caused by the feeding 
ofthrips, has been described as "bronzing of fruit" (Lynch and Tremblay 1995) or "seedy 
berry" (prominent seeds). The piercing of cells in developing fruit causes individual cells to 
die, resulting in a bronzed area on the strawberry fruit (Lynch and Tremblay 1995). The 
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feeding damage differs from that caused by Lygus lineolaris (Heteroptera: Miridae) because 
thrips feed on the fruit between the seeds, whereas L. lineolaris feed on individual seeds 
(Lynch and Tremblay 1995, Allen and Gaede 1963). In New Brunswick, Canada, 
Frankliniella tritici has been identified as the causal agent of necrotic flecking or bronzing of 
strawberry fruits (Lynch and Tremblay 1995). In Iowa, Mitchell (1949) reported four 
Frankliniella species, including F. tritici feeding on unidentified strawberry cultivars in 
Iowa; however, no damage to strawberry fruits was reported. Additional studies have shown 
the occurrence of F. tritici in strawberry fields does not necessarily result in fruit damage. 
Farrar (1936) collected blooms from different strawberry varieties in Illinois and extracted F. 
tritici with Berlese funnels . Individual flowers and groups of flowers were caged within 
paper bags and glass cylinders and half of the flowers were infested with thrips. Groups of 
flowers infested with> 5 thrips developed fruits from the first two flowers of a flower 
cluster, whereas the remaining flowers were aborted. Non-infested blossoms produced more 
fruits initially, but the additional fruits were eventually aborted and similar numbers of fruit 
were produced in the infested and non-infested treatments. Thus, Farrar (1936) concluded 
that a strawberry plant' s ability to set fruit is associated with blooming order and plant vigor 
and not with thrips infestations. 
In California, Allen and Gaede (1963) described Frankliniella occidentalis as the 
primary thrips species attacking strawberries. They concluded F. occidentalis feeding was 
not detrimental to the cultivar Shasta. In some cases the presence of thrips was beneficial 
because less deformation resulted from the lack of pollination (i.e. thrips pollinated 
strawberry flowers). In contrast, Ribes (1990) reported that oviposition and feeding by F. 
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occident a/is causing a bronzing color on the strawberries and wilting of some flowers of the 
cultivar Chandler in Spain. 
Starting in 1994, growers in the Midwest observed seedy fruit with a rubbery texture 
and poor color in selected strawberry fields (cultivars were not specified) (Bordelon et al. 
1999, Williams and Felland 1995). However, it was not determined if this damage resulted 
from thrips feeding or low temperatures ( < 0°C) during fruit formation (Bordelon et al. 
1999). Based upon observations of damaged fruit, Bordelon et al. (1999) recommended that 
growers inspect strawberry flowers and developing fruit and apply insecticides ifthrips 
exceed 2 individuals per blossom. Previously, Lynch and Tremblay (1995) established a 
preliminary threshold for application of insecticides of 0.5 thrips per fruit for the cultivar 
'Kent', based upon greenhouse and field insecticide trials. 
The objectives of this research were to identify the thrips species infesting strawberry 
flowers and fruit in central Iowa and determine the relationship between thrips density and 
fruit damage. In addition, we compared numbers ofthrips collected on sticky cards placed in 
strawberry fields to the numbers of thrips sampled directly from flowers and fruits. 
Materials and Methods 
Flower and fruit samples for thrips 
In 2000 and 2001, thrips were collected from strawberry flowers and fruits in three 
strawberry farms in central Iowa (Table 1 ). Sampling began when primary flowers were first 
noted on strawberry plants (early May) and continued through fruit development. During 
each week of May 2000, one individual flower was selected from each of 10 randomly 
selected strawberry plants in each field. To randomly select plants, I divided each row in a 
field into four segments of 12 to 15 m. I then randomly picked a row, and then randomly 
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selected one of the (12 to 15 m) segments from the row. Each individual flower was placed in 
a 13 ml vial filled with 70% alcohol. In the laboratory, the vials were shaken and the tbrips 
were dislodged from the flowers and fruit. The alcohol from each vial was examined under 
an Olympus® SZH dissecting microscope at 30x. 
In 2001, the nwnber of samples was increased to 20 flowers, because during 2000, 
the SE/mean ratio of the samples ranged from 25% to 70%. In 2001 we divided the stages of 
the strawberry plant sampled into buds (closed flower), open flowers (white petals showing), 
and berry (receptacle beginning to expand). Initially, samples were primarily flowers and 
buds, but as the season progressed we sampled more berries. During the last three weeks 
before harvest, relatively few flowers were present in the fields, but we attempted to continue 
to sample approximately equal numbers of flowers and berries. 
Eight tbrips collected in 2000 and 9 thrips in 2001 were mounted in Hoyer's medium 
(Steyskal et al. 1986) on microscopic slides and sent to the United States Department of 
Agriculture- Systematic Entomology Laboratory (USDA-SEL) for identification. Voucher 
specimens were deposited in the Iowa State University Insect Collection. 
The numbers of thrips collected from flowers and fruits were analyzed using PROC 
GLM (SAS 1998). The analysis examined the effects of farm, development and week on 
numbers of thrips in 2000 and 2001. 
On June 4, 10 berries in each field that had a bronzed appearance in the green berry 
stage were tagged with paper tags. Each of these berries was visually examined for the next 
two weeks until they developed into mature red berries. 
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Field study of relationship of thrips numbers to damaged fruit -2001 
To examine the relationship between numbers of thrips infesting flowers and fruits 
and fruit damage at the Iowa State University (ISU) Horticulture Farm, we hand harvested 
the strawberry field five times (every three days starting on June 11) (Table 1). We harvested 
strawberries from a 2 m section in even numbered rows of the 25-row plot. We weighed 
berries and sorted berries into marketable and non-marketable categories based upon their 
physical appearance. The marketable berries were round, with a deep red color, no 
blemishes, and uniform distribution of developed achenes (seeds). Within the non-marketable 
berries, we used the following sub-categories: diseased berries, lack of pollination and/or 
Lygus lineolaris (Heteroptera: Miridae) damage, fruit with holes, bronzed fruit, and berries 
damaged from unknown causes. Diseased berries were either oozing liquid, had a brown 
color, foul odor or fungal mycelia growing on the berries. Lack of pollination and/or L. 
lineolaris damage was determined as a concentration of seeds at the fruit apex (apical 
seediness). Bronzed fruits had a similar appearance to diseased berries, but had no foul odor 
or mycelial growth. Berries damaged by unknown causes did not fit the above descriptions, 
but were not marketable. Drs. Mark Gleason (Dept. of Plant Pathology) and Gail Nonnecke 
(Dept. of Horticulture) Iowa State University, independently examined the non-marketable 
berries and provided their assessment of causation of fruit damage. 
Greenhouse study-Relationship of th rips numbers to damaged fruits 
Experiments were conducted in the Iowa State University Entomology greenhouse 
from March to September 2001 to assess the damage caused by different thrips densities to 
strawberry flowers and fruits. We used F. tritici in these experiments, because it was the 
most abundant thrips species sampled from strawberry fields in 2000. Frankliniel/a tritici, 
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from Dr. Stuart Reitz, United States Department of Agriculture-Agricultural Research Station 
in Florida, was maintained at 25°C 14:10 (L:D) on string beans that were changed weekly. 
Com pollen was brushed on the beans as a food supplement for F. tritici. 
Four pots {20.5 cm x 10 cm) each containing one strawberry plant (cultivar 
'Tribute') were placed in a cage {60 cm x 48.5 cm x 59.5 cm) covered with fine mesh (NO-
SEE-UM netting, Balsom Hercules Group, Providence, RI). The strawberry plants were 
caged to exclude greenhouse insect pests. Each infested flower cluster was enclosed in a 
dialysis tube cage (14 cm x 2.9 cm) sealed with a piece of a latex glove at the bottom 
(Encarnacion 1999) and Scotch tape® on the top. Based on the numbers of thrips observed 
in the field in 2000, four levels of thrips infestations {O, 1, 5, and 25 thrips/flower) were 
established in this greenhouse study. The exposed plants were in one of four stages of 
development; onset of flowering, full flower (flower is fully opened), receptacle enlarging 
{post bloom), and mature green fruit. Prior to thrips infestation in the first trial, flowers in all 
infestation treatments were pollinated using a tomato plant pollinator (Pollinator II®, 
http://www.hydro-gardens.com/growsup l .htm). In the first trial, we infested four bud stages, 
four open flowers, three no petal stages, and four berry stages. In the second trial, due to low 
numbers in the F. tritici colony, we infested five open flowers, two bud stages, and one berry 
stage. In the second trial, we did not use the artificial pollinator to determine damage to 
strawberries without external pollination. However, we used the pollinator for the treatment 
of green berry stage prior to releasing of thrips, because without pollination there would have 
been no berry formation. 
Plants were exposed to thrips until a red berry was formed (from 15 to 30 days). 
Thrips were removed by placing the red berry and the dialysis cage in a container with 70% 
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alcohol. During the first trial, some thrips escaped from the dialysis cages, therefore, in the 
second trial we added a layer off elt underneath the latex glove. In most cases this felt 
prevented thrips from escaping. Because thrips escaped from the cages and there was likely 
some reproduction of thrips within the cages, I used the final counts of thrips in the cages and 
set up categories that ranged from 0-4, 5-14, and 15 or more thrips per cage. Using these 3 
categories of final thrips infestations, I categorized the strawberry fruit as aborted, red berry, 
or bronzed fruit. Aborted described the condition when the flower did not develop into a fruit 
and a red berry indicated a marketable color with no signs of thrips damage (no bronzing). 
Temperatures were measured with a HOBO® Data Logger (Onset Computer Corp., 
Bourne, MA). The range of mean temperatures was from 27 to 38°C. The data logger was 
placed on top of the cage near the light bulbs in the greenhouse, which could have affected 
the temperature extreme recorded by the data logger. Nevertheless, extreme temperatures > 
40°C were for relatively short period of time ( ~ 4 hours or less). Berries were categorized 
among pollinator or no pollinator trial. Within these categories, we coded for aborted, red, or 
bronzed and the final infestations of categories such as 0-4 (small), 5-14 (med), and 15 or 
more (large); these data were arranged in a contingency table and analyzed using a Fishers 
exact test (SAS 1998). 
Sticky cards 
In 2001, I placed 13 yellow (#IO0SS35) and 13 blue (#100SSB35, Great Lakes 1PM, 
Inc., Vestaburg, MI) sticky cards (8x 13 cm) vertically at a height of 20 cm at the three farms 
on April 10. Individual yellow and blue sticky cards were placed back to back at each 
location. Six to 8 paired sticky cards were placed within 1 m of the edge of the field. Five to 
7 paired sticky cards were placed in the central portion of the fields (10 and 20 m from the 
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edge). Sticky cards were examined under 30x magnification for Frankliniella species. The 
last sticky cards were removed on June 18, because strawberry harvesting in all fields was 
nearly completed. The numbers collected on the sticky cards were compared to numbers 
collected directly from flowers to fruits in this study. 
Results 
The thrips collected from strawberry flowers from 3 sites in central Iowa were 
identified by Dr. Steve Nakahara (USDA-SEL) as Frankliniella tritici (2000 and 2001) and 
Frankliniellafusca (Hinds) (2000). In 2000, three of the 8 thrips were F.fusca. In 2001, all 
nine thrips were F. tritici. 
Flower and fruit samples 
During 2000, the average number of thrips on flowers ranged from 0.3 to 7 thrips per 
flower; similar numbers ofthrips were observed on the three farms (F= 0.06; df= 2, 109; P = 
0.9417) (Table 2). Numbers of thrips varied among weeks (F= 4.34; df= 3, 109; P= 0.0063) 
(Table 2). The straw mulch was removed at Farm 1 one week before removal at the other two 
farms. This factor may have influenced the occurrence of strawberry plant stages at Farm 1, 
which may influence thrips numbers. 
Similar numbers of thrips were observed at the three farms in 2001 (F= 1. 77; DF= 2, 
217; P= 0.17 51) (Table 2). There were significant week effects on the numbers of thrips 
collected (F= l 1.96; DF= 6, 217; P= 0.0003). Based upon these significant week effects, we 
analyzed the data by week to know during what time were thrips present. Weeks 1,2, and 3 
are not significantly different (Table 3). For weeks 4 to 7, there were significant differences 
among development, farms, and weeks (Fig. 1, 2). At all three farms during these four 
weeks, numbers of thrips on open flowers were higher than numbers of thrips on berries. The 
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average number of thrips ranged from 0.1 to 48 thrips per flower and fruit (Table 4). Due to 
changes in the relative abundance of plant developmental stages, different numbers of 
samples were taken for each plant stage during first three weeks of sampling in 2001. We 
observed lower numbers of thrips in the bud stage compared to the berry and open flower. 
After May 29 we collected approximately the same number of open flowers and berries. 
During weeks 4, 5, and 6, we observed> 5 times numbers ofthrips on open flowers than on 
berries in the samples (Fig. 1, 2). 
The 30 tagged green developing berries that had a bronzed appearance in the field on 
June 4, developed normal red color within two weeks. No bronzing of the mature berries was 
observed. 
Field study of relationship of th rips numbers to damaged fruit -2001 
An average of 73% of strawberries were classified marketable berries (Table 5). 
Within the non-marketable fruit category, 8% of the berries showed apical seediness caused 
by either L. lineolaris and/or lack of pollination, 9% of the berries had holes probably caused 
by slugs, and 9% were damaged from unknown causes. Thrips were present in the field 
during this time, but less than 1 % of the berries showed a bronzed appearance. 
Greenhouse study 
In 52% (47 of 90) of the experimental cages in the greenhouse study, fewer thrips 
were retrieved than were initially released, but in 20% ( 18 of 90) of the experimental cages 
greater numbers of thrips were observed than were added initially. These observations 
indicate that thrips escaped from the cages and/ or reproduced within the cages, respectively. 
For both trials, in 36% of the cages (32 of 90) flowers were aborted, 61 % (55 of90) 
produced red berries, and 3% (3 of90) produced bronzed berries. 
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In the second trial, where we did not use the artificial pollinator, except for the berry 
developmental stage, we observed that more aborted flowers were produced than in the first 
trial (P= 0.0133). In the first trial we observed that 28% of the cages produced (12 out of 43) 
aborted blossoms, whereas in the second trial 75% of the cages (20 out of 27) aborted 
blossoms. The 20 bud and open flower stages infested with > 5 thrips, produced 6 red berries 
(30%). Temperatures fluctuated from 27 to 38°C. 
In both trials, no relationship was observed between final infestation of thrips and 
level of damage of the fruits. In some of the experimental cages, more damage was observed 
when fewer thrips (0-4) were present compared to higher thrips infestations > 15 (Table 6) . 
Sticky cards 
Throughout most of the season, numbers ofthrips on sticky cards (see chapter 4) and 
flower samples showed similar patterns (Fig. 3 a, b, c). However, on June 4 at Farm 2, 
patterns were different on sticky cards and the flower samples. On June 13, patterns were 
different at both Farm I and 2, whereas at Farm 3 the patterns were similar on both the sticky 
cards and flower samples. 
Discussion 
Results from our field studies do not support the preliminary thresholds for thrips (0.5 
to 2 per flower) developed for cultivar Kent by Lynch and Tremblay (1995). We observed 
thrips infestations up to an average of 48 per flower, but did not observe any bronzed fruit. 
This might be due to cultivar differences in response to thrips infestation. Most of our plots 
were cultivar Honeoye, which is known to tolerate Lygus lineolaris feeding (Handley et al. 
1991). Previous work in New Brunswick used 'Kent', which is not tolerant of L. lineolaris 
(Handley et al. 1991). Since both ofthrips and L. lineolaris feed on the same part of the 
51 
plant, this could suggest that these cultivars could or could not have some tolerance to thrips 
feeding as well. However, other studies should test these cultivars. 
Thresholds for thrips may need to be reconsidered because we observed that thrips 
are more frequently found in open flowers compared with the berry stage (Table 7). The 
harvest of high percentage of marketable berries demonstrated that even though numbers of 
thrips were greater than 2 per flower during some weeks, damage was not observed. In other 
agricultural systems, no clear relationship between the number of thrips found on the crops 
and crops damage has been shown. In Pennsylvania and New Jersey, F. tritici was the most 
numerous thrips species recorded on 'Red Gold' nectarines (range from 163 to 893 F. tritici 
in water traps) during bloom but no damage to fruits was observed (Felland et al. 1995). 
North and Shelton (1986) reported F. tritici (mean of 344 per trap) in cabbage fields, did not 
cause damage to cabbage. 
In our greenhouse study, we observed results similar to those of Farrar (1936) and 
Allen and Gaede (1963). Farrar (1936) concluded that the ability to set fruit is not associated 
with thrips infestations, but instead with blooming order and plant vigor. Allen and Gaede 
(1963) concluded that feeding by F. occidentalis was not detrimental to the cultivar Shasta 
and in some cases the presence of thrips was beneficial because thrips pollinated the flowers. 
We observed similar effects in our no-pollinator trial cages infested with > 5 thrips, 
indicating that thrips served as pollinators. In the one replicate in which we observed bronzed 
fruit, we believe damage was observed because F. tritici were infested on berries for 20 days, 
whereas in the field collection we observed less numbers ofthrips berries compared to open 
flower (Fig. 1, 2). We attribute more than the original number of thrips infested to 
reproduction of the thrips, because their lifecycle is relatively short ( ~ l O days) and females 
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can reproduce parthenogenetically (Watts 1936, Loomans et al. 1995). Larson and Sjulin 
(2001) conducted an experiment to determine the influence of polyethylene bed mulch, drip 
irrigation rate, and overhead sprinkling on bronzing fruit in cultivar Commander. The clear-
full bed mulch and overhead irrigation had the lowest incidence of bronzing compared to the 
other treatments. 
Salguero Navas et al. (1991) placed a range of 0-16 thrips of three Franklinie/la spp. 
(F. tritici, F. fusca, and F. occidentalis) per individual tomato flower in small plastic bags in 
the greenhouse, and concluded that F. tritici and F. fusca infested in the flowers, but did not 
cause any cosmetic damage to the tomatoes. 
Williams et al. (1999) suggested that dry conditions observed in Ohio in 1994 were 
an important factor contributing to damage by thrips to strawberry farms. Dry conditions 
could cause plant stress and simultaneously these dry conditions could increase 
developmental time and reproduction rates for thrips. Yonce et al. (1990) noted that F. tritici 
numbers were reduced when rain occurred in nectarine orchards in southern Georgia. The 
rain caused a direct reduction of thrips populations by drowning pupae on the ground and 
eliminating thrips on the plant. 
Between June 4 and 13, 2001, patterns of thrips captured on sticky cards diverged 
from flower samples at Farms 1 and 2 (Fig. 3). The numbers captured on sticky cards 
increased while the numbers on flowers decreased. In contrast at Farm 3, the patterns were 
similar, increases from June 4 and 13 were observed on both sticky and flower samples. This 
increase may be related to an increase in nymphs observed on June 13 at Farm 3 (Fig. 4). 
Previously, Cho et al. (1995) compared different colors of sticky cards to flower samples. 
They reported a significant relationship between F. tritici observed on yellow sticky cards 
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and tomato flower samples. Our study shows some agreement with Cho et al. (1995), 
because they observed a strong correlation (r2=0.58) between the number of F. tritici on 
sticky cards and tomato flower samples. Our sampling did not show strong correlations at 
Farm 1 {r2= 0.11) and 2 (r2= 0.16). However, Farm 3 showed a strong correlation (r2 = 0.74) 
between number of F. tritici in flower samples and on sticky cards. The numbers of adult 
thrips was reduced considerably on June 4 in all three farms (Fig. 4). During this time, the 
relative abundance of flowers was decreasing, thrips may be moving within the field but not 
locating the flowers present in the field. 
In summary, F. tritici reached relatively high numbers in the three strawberry fields, 
but we did not observe a corresponding high level of the bronzing damage that has been 
attributed to thrips feeding injury. During harvesting we observed more marketable berries 
than diseased or damaged fruit. Thrips could be acting as pollinators in some of our 
experimental cages and possibly in the field as mentioned by Allen and Gaede (1963). 
Results of the greenhouse study suggested that damage by thrips is sporadic and that 
strawberry flowers had more flowers aborted due to poor pollination than due to thrips 
feeding. Thrips during this study did not cause damage to strawberry fruits; however, several 
factors such as levels of plant stress due to dry conditions (Williams et al. 1999), type of 
mulch and irrigation (Larson and Sjulin 2001), and low temperatures during bud formation 
(Williams and Fell and 1995) could interact with thrips to cause bronzing of berries. 
Preliminary thresholds may need to be reconsidered because spraying insecticides could 
affect bee pollination, thrips pollination, and disrupt natural enemies. 
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Table 1. Locations, sizes, and characteristics of three strawberry farms and alfalfa fields 








Horticultural Farm No. 
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Gilbert, IA 
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Table 2. Summary of statistics of three fanns for nwnber of thrips sampled in three 
strawberry fields in 2000, 2001 (ANOVA Table). Data was collected weekly from strawberry 
flowers and fruits. 
Source DF Fvalue P value 
2000 
Farm 2 0.06 0.9417 
Week 3 4.34 0.0063 
Farmx Week 6 3.98 0.0012 
Source DF Fvalue P value 
2001 
Farm 2 1.77 0.1751 
Development1 1 8.86 0.0036 
Farm x Development 2 0.66 0.5166 
Week 6 11.96 <0.0001 
Farm*Week 12 8.22 <0.0001 
Dev*Week 6 1.33 0.2437 
Farm*Dev*Week 10 2.11 0.0248 
1 Development (Dev); berry vs. flower 
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Table 3. Summary statistics for 7 weeks in three strawberry farms (ANOV A table). 
Source DF Fvalue P value 
Weekl 
Farm 2 3.36 0.0498 
Dev1 1 3.68 0.0658 
Farm*Dev 1 0.79 0.3805 
Source DF F value P value 
Week2 
Farm 2 2.30 0.1120 
Dev 1 1.85 0.1802 
Farm*Dev 2 0.25 0.7824 
Source DF Fvalue P value 
Week3 
Farm 2 0.17 0.8439 
Dev 1 3.49 0.0676 
Farm*Dev 2 0.07 0.9305 
Source DF F value P value 
Week4 
Farm 2 3.15 0.0514 
Dev 1 2.33 0.1334 
Fann*Dev 1 5.65 0.0213 
Source DF Fvalue P value 
Week5 
Farm 2 6.05 0.0043 
Dev 1 4.00 0.0507 
Farm*Dev 2 0.55 0.5809 
Source DF Fvalue P value 
Week6 
Fann 2 18.25 <0.0001 
Dev 1 33.29 <0.0001 
Fann*Dev 2 12.33 <0.0001 
Source DF F value P value 
Week7 
Fann 2 6.30 0.0035 
Dev 1 5.51 0.0227 
Fann*Dev 2 4.88 0.0113 
1 Development stage of strawberry; berry vs flower 
59 
Table 4. Mean number (x ± SD) of adult and larval thrips (Frank/iniella tritici) sampled per 
flower1 in three strawberry fanns in Iowa during 2000, 2001. 
Date/Fanns 1 2 3 
2000 
5/7 0.3 ±0.7 0.8 ± 0.9 0.5 ± 0.5 
S/15 7.4 ± 7.3 1.2 ± 1.1 0.7 ± 1.0 
5/22 1.8 ± 2.1 1.1 ± 0.9 3.3 ± 7.1 
5/29 1 ±2,8 7 ±8.5 7 ±9.5 
2001 1 2 3 
5/72 0.1 ± 0.4 1.6 ± 2.3 3.9 ± 5.2 
5/14 2.5 ± 1.5 9.7 ± 10.3 18.8 ± 15.3 
5/21 25.1 ± 14.5 24.6 ±25.1 21.3 ± 17.4 
5/29 48.0 ± 40 26.2±24.6 7.4 ± 12.3 
6/4 22.6 ± 25.4 10.9 ± 17.2 5.0 ± 7.3 
6/13 13.1±16.8 2.3 ± 3.5 19.2 ± 25.2 
6/18 0.2 ± 0.6 0.1 ± 0.2 1.6 ± 3.4 
1 Number of flowers per sample; N=lO, 2000 and N=20, 2001 
2 Fann 1 and 2 had very few flowers, therefore we only sampled 7 and 13 flowers, 
respectively. 
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Table 5. Percentage of marketable and non-marketable strawberries, based upon hand 
harvesting of eleven 2 m sections of 11 rows on five dates in June 2001, Iowa State 
University Horticultural farm. (cultivar Honeoye). 
Categories/ Date 6/11 6/14 6/17 6/20 6/24 Mean 
Weight (g) 1,701 3,829 14,228 6,478 3,250 
Marketable 71% 63% 90% 85% 56% 73% 
Non-Marketable 
Pollination/ L. 6% 5% 6% 13% 11% 8% 
lineolaris 
Disease 0 0 12% 11% 4% 5% 
Holes 20% 18% 4% 2% 1% 9% 
Possible thrips 0 1% 0 0 0 0 
feeding 
Unknown 4% 13% 0 0 31% 9% 
61 
Table 6. Greenhouse experiment with Frankliniel/a tritici infesting different strawberry 
developmental stages. Total number of experimental cages calculated by multiplying 
replicates and treatments (cultivar Tribute). Each experimental cage was maintained in the 
greenhouse for 15 to 30 days. Temperatures fluctuated from 27 to 38°C and relative humidity 
90 to 30%. 
Development Experimental Final Aborted Red Bronzed %Damage 
Stage Cages Infestations (Aborted+ Bronzed} 
~o. ca~es) Total 
Bud 23 0-4 (14) 8 6 0 57% 
NS1; P=0.8477 5-14 (6) 3 3 0 50% 
15 ++ (3) 1 2 0 33% 
Open 35 0-4 (17) 12 6 0 66% 
NS; P=0.1708 5-14 (10) 3 7 0 30% 
15 ++ (8) 3 4 0 43% 
No Petals 2 12 0-4 (10) 2 8 0 20% 
NS; P=l.O 5-14 (2) 0 2 0 0 
15 ++ (0) 0 0 0 0 
Berry 20 0-4 (12) 0 11 1 8% 
NS; P=0.1754 5-14 (4) 0 4 0 0 
15 ++ (4) 0 2 2 50% 
1 Not significant P< 0.05 







: 25 .. 
" E =-c:, 
u 20 .. .. .,, .. .. 
:, 15 
.!:-.. -s ... 
c:, 10 .. .. 
.Q 
E = .. 
C 5 .. .. 
0 
Farm I Farm2 Fann3 
WeekS 
., 30 ....----------------------------, .., 
i 25 +--- - ----- - ------------ - - - ---1 
E 
C>, 
..S! t 20 ,__ _______ __, .,, -~ 
15-t- -------------- - - - --- - ----~ 
C>, ·;: 
;S 




C .. .. 
0 +---_ ..__ __ 
Farm I Farm2 Farm3 
Fig. 1. Weeks 4 and 5 of thrips sampling. These weeks were 
significantly different among the three strawberry farms and the 







3 t 20 .,, .. .. 
Q, 















T I I -





Farm I Farm2 Fann 3 
Fig. 2. Weeks 6 and 7 for thrips sampling. These weeks were 
significantly different among the three strawberry farms and the two 
developmental stages (berry and open) in 2001. 
64 
60 
.. 50 ... ·;:: 
-S 40 ... 
0 .. 
..! 30 e 
:I = c 20 • ..:e 
10 
a. 0 
















50 .. ... 
40 ... 
0 .. .. 













Date of collection 
614 6/13 6/18 
6/4 6/13 6/ 18 
Fig 3. Relationship between the numbers of thrips on sticky cards and flowers at the 




.. 30 .. -+-Fann I 
jl: 
0 ---Fann2 = X, 25 ---Ir- Fann 3 
"' .c
20 









517 5/ 14 5/21 5/29 6/4 6/13 6/18 
Adults 
35 
.. .. 30 
jl: 
l 25 
-+-Farm 1 "' Cl, ·c ,s 20 ---Farm2 - ---Ir- Farm 3 ; .,, 
" ... 15 0 .. 
1 
E :s 10 ., 
C 
i! ::; s 
0 
517 5/14 5/21 5/29 6/4 . 6/13 6/18 
Dates of collection 
Fig. 4. Mean number of thrips for adults and nymphs in three farms in 
Iowa during 2001 . 
66 
CHAPTER 4. POTENTIAL SOURCES OF FRANKLIN/ELLA SPECIES IN IOWA 
STRA WHERRY FIELDS 
A paper to be submitted to Journal of Economic Entomology 
Bethzayda Matos and John J. Obrycki · 
Abstract 
The sources ofphytophagous thrips in the genus Frankliniella infesting strawberry 
fields in Iowa are not known. Thrips may overwinter in fields or fly into fields in the spring. 
In April 200 l, soil samples were collected from three strawberry fields at a depth of 5 cm and 
dried in Berlese funnels to determine ifthrips overwintered in these strawberry fields. One 
Frankliniel/a spp. second instar was collected from 39 soil samples. To determine ifthrips 
were flying into fields, yellow and blue sticky cards were placed in three strawberry fields in 
central Iowa from April to June. During the first two weeks of May, adult thrips were 
captured on the sticky cards in strawberry fields indicating that Frankliniella tritici, the 
eastern flower thrips were flying into fields. Compared to blue sticky cards, yellow sticky 
cards caught significantly higher numbers of thrips in strawberry fields. 
Keywords 
Frankliniella tritici, overwintering, migration, strawberry, thrips, yellow sticky cards 
Introduction 
Based upon several years of research on thrips in Illinois, Stannard (1968) postulated 
a spring migration of Frankliniella tritici Fitch (Thysanoptera: Thripidae) from southern to 
northern latitudes in North America. Several researchers have investigated this hypothesis by 
sampling for overwintering thrips in northern latitudes (above 40°N) (North and Shelton 
1986b, Felland et al. 1993, Broadbent and Hunt 1991). In New York, North and Shelton 
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(1986b) collected adult F. tritici in November and April from crop residues. However, no 
individuals were collected between November and April, thus they concluded that F. tritici 
migrates to northern latitudes in the spring and does not overwinter in New York. In contrast, 
20% of F. tritici survived in roadside sod in North Dakota (Post and Thomasson 1966). 
In Ontario, the congeneric, Frankliniel/a occidenta/is (Thysanoptera: Thripidae) 
(Pergrande) is a major pest in greenhouse and vegetable crops (Broadbent el al. 1987). 
Therefore, Broadbent and Hunt (1991) investigated the ability of F. occidentalis to 
overwinter in Ontario. Based upon collections from chrysanthemums grown outdoors, they 
reported that neither laboratory reared or field collected F. occidentalis overwintered in 
Ontario. However, in Pennsylvania, Felland et al. (1993) recovered fourteen adult F. 
occidentalis from soil emergence traps in May. This was the first report of successful 
overwintering of F. occidentalis in the northeastern United States. 
If F. tritici do not overwinter in Iowa then how does F. tritici infest strawberry fields 
in Iowa? As suggested by Stannard (1968), migration could be a possible mechanism for 
thrips to passively use winds from the south to colonize northern crops. Thrips may also 
actively fly with prevailing winds to reach new habitats (Lewis 1997). Even though 
migration of F. tritici has been suggested by Stannard (1968), during the past 30 years no 
detailed studies have examined this possibility. 
Several sampling techniques have been used to quantify thrips date of arrival and 
densities in fields and greenhouses, for example; water traps (Pelland et al. 1993, Williams et 
al. 1999), sticky cards (Felland et al. 1993, Gillespie and Vernon 1990, Williams et al 1999), 
and plastic pipe soil emergence traps (Pelland et al. 1993). In rye fields, yellow sticky cards 
were more attractive to F. tritici compared to red, black, and lead white sticky cards (Walker 
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1974). In a greenhouse study of F. occidenta/is on cucwnbers, the numbers ofthrips trapped 
by blue,':, violet, yellow, and white sticky cards were similar (Gillepsie and Vernon 1990). 
The objectives of this study were to determine if ( 1) thrips overwinter in strawberry 
fields and (2) thrips fly into fields in the spring as indicated by captures on sticky cards. In 
addition, we compared the nwnbers of thrips captured by blue and yellow sticky cards in 
strawberry fields. 
Materials and Methods 
To determine if phytophagous thrips species overwinter in strawberry fields, we 
collected soil samples on April 16 and 19, 2001 from three sites in central Iowa (Table 1). 
On each date, six samples were taken within 1 m of the fields' edges and six samples 
were taken from the central area (10 to 15 m from the edge) of each field. Soil was collected 
using a hand trowel after removing the straw mulch covering the area. Each sample consisted 
of approximately 5 cm of soil from a 20-cm-diameter area. Wet weight of soil samples 
averaged 742 ± 140 g (mean± SD) (N=39). Soil samples were dried for seven days in 
Berlese funnels (Southwood, 1978) and thrips were collected in 70% alcohol. 
On April 2, we placed 26 yellow sticky cards (28.5 x 22.5 cm) oriented horizontally, 
20 cm above the ground at Farm 1, 13 were facing up and 13 were facing the soil. These 
sticky cards were left in the field until April 10. Because no thrips were found on horizontal 
yellow cards, we placed 13 yellow (#100SS35) and 13 blue (#100SSB35, Great Lakes 1PM, 
Inc., Vestaburg, MI) sticky cards (8x 13 cm) oriented vertically at a height of 20 cm at the 
three farms on April 10. Individual yellow and blue sticky cards were placed back to back at 
each location. Six to 8 paired sticky cards were placed within 1 m of the edge of the field. 
Five to 7 pairs were placed in the central portion of the fields (10 and 20 m from the edge). 
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On April 10, I placed 13 plastic cylinders (13.5 cm tall x 13 cm diameter) within 10 
m and 15 m from the edge and along the edges of all three farms. Inside these cylinders, a 
horizontal screen barrier was placed to serve as an anchor for yellow and blue sticky traps 
(6.5 x 12 cm) facing upwards to capture migrating thrips. A third sticky trap was attached to 
the screen barrier facing down to capture overwintering thrips. However, because we found 
only one thrips in the soil samples, 0 thrips from sticky cards placed horizontally, and 0 
thrips from the sticky cards in the cylinders from April 10-19, I decided to eliminate the 
cylinder sampling and concentrate on vertical sticky cards placed within the field. 
The vertical sticky cards were changed weekly, except for cards placed in the field on 
April 26, which remained in the field until May 7. The straw mulch was removed from the 
strawberry fields between April 9 and 19, 2001. Sticky cards were examined under 30x 
magnification for Frankliniella species. On several occasions, thrips with different 
morphological characteristics appeared on the sticky cards, but these were not counted as 
Frankliniella spp. The last sticky cards were removed on June 18, because strawberry 
harvesting in all fields was nearly completed. To determine ifthrips were present in the fields 
late in the season, I placed 6 sticky cards (4 on the edges of the field and 2 in the center of the 
field) at the Farm 1 on August 8 and 14. 
The numbers of thrips captured on sticky cards was analyzed using the General 
Linear model procedure to examine effects of time (weekly samples), location (3 fields) and 




The one thrips that was found in the 39 soil samples was sent to the United States 
Department of Agriculture- Systematics Entomology Lab for identification by Dr. Steve 
Nakahara. This individual was a second instar in the genus Frankliniella. 
Sticky card samples for adult thrips 
The most abundant thrips observed on sticky cards was F. tritici. From April 2 to 26, 
only two thrips were captured at Farm 2, on sticky cards that were in the field from April 10 
to 19. On May 7, the number ofthrips on both yellow and blue cards increased at each farm 
(Table 2, Fig. 1). By May 21, 81 larvae at Farm 2 and 16 larvae at Farm 3 were found on 
sticky cards indicating some wind dispersal of wingless nymphal stages. The highest of 
number ofthrips trapped (mean= 119 per trap) was observed on June 13 at Farm 1 on 
yellow sticky cards (Fig. 2). 
In samples after May 14, the number ofthrips on yellow cards was 2 to 11 times 
higher than captures on blue sticky cards (Table 3, Fig. 2) (F= 11.48; DF=l, 12; P= < 0.0001) 
(Table 4). A few immature thrips were found on sticky cards, but 99% of thrips found on 
sticky cards were adults. Significant interactions among farm, week, and color of trap were 
observed (Table 4). In August, 13 thrips were caught on yellow sticky cards and 2 thrips 
were caught on blue sticky cards (Table 2). 
Discussion 
Understanding the overwintering biology of insect pests is important for prediction of 
their emergence the following season (Tauber et al. 1986). The size of a pest population that 
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enters the overwintering stage might indicate the size of the spring population (Leather et al. 
1993). 
The recovery of a single, second instar of Frankliniel/a spp. in the soil samples 
indicates a low occurrence ofthrips overwintering in strawberry fields. This observation 
needs to be tested in additional fields over several years, before any conclusion can be 
reached about thrips overwintering in Iowa strawberry fields. Many species of thrips 
overwinter in the soil as adults or larvae (Kirk 1997). Several factors may have influenced 
the collection of one individual in the soil samples in this study, including high mortality 
rates of overwintering individuals, or different habitats used for overwintering sites by thrips 
(Pelland et al. 1995, Kirk 1997). In North Dakota, 80% of F. tritici died while overwintering 
in turf (Post and Thomasson 1966). In New York, North and Shelton (1986b) collected 
different thrips species above ground from November to April, but recovered no F. tritici. 
Gerdes (1982) found overwintering Frankliniel/a spp. within the top 5 cm of soil from 
northeast Illinois prairies. Other species ofthrips have been found overwintering in crevices 
in rough tree bark (Lewis 1962). 
This study suggests that thrips do not overwinter in significant numbers in strawberry 
fields in central Iowa. The numbers of adult F. tritici on sticky cards indicate that the source 
of thrips infesting strawberry fields in the spring is likely from movement into the fields from 
surrounding areas. One of the first crops to flower in early May is June-bearing strawberry, 
providing food for the thrips flying from their overwintering sites. North and Shelton 
(1986a) reported movement of F. tritici from forage fields to cabbage fields when the forage 
crops were harvested. 
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After May 14, we observed 2 to 11 times more thrips on yellow sticky cards than on 
blue cards. These results are similar to those of Walker (1974) who reported that F. tritici 
was attracted to yellow sticky cards in rye fields. A previous study indicates that blue sticky 
cards were most attractive to F. occidenta/is in greenhouses (Gillepsie and Vernon 1990). In 
tomato, Cho et al. (1995) demonstrated a higher correlation between number of F. tritici in 
flowers and numbers on yellow and white sticky cards compared to blue sticky cards. 
A possible explanation for the presence of immature thrips on sticky cards is the 
effect of wind. Glick (1960) collected a thrips larva at 500 feet over Urbana, Illinois 
indicating that wind currents and strong updrafts may transport immatures. During the week 
of May 14-20, there were 5 days with relatively strong southern winds (5 to 17 miles per 
hour) and 97 larvae were captured on sticky cards from the May 21 sample. 
Rain is another factor that has been observed to affect number of thrips in the field 
(Watts 1936). In our study, two dates with heavy rain were on May 10 (2.5 cm) and May 20 
(4.0 cm). Reduced numbers ofthrips on sticky cards were observed the week of May 14 to 
20 (Fig. 1 ). The next two weeks we observed a slow increase of adults, because the rain 
would not have affected the eggs that had been oviposited during the week of May 14 to 20 
(Watts 1936). 
Based upon sticky card sampling for thrips in 1994, 1995, and 1996, at three sites in 
Ohio, from cultivars 'Earliglow', 'Allstar' , and 'Red Chief, Williams et al. (1999) concluded 
that dry conditions are favorable for thrips populations. Thrips that pupate in the soil such as 
Thrips tabaci Lindenman, can suffer high rates of pupal mortality from water (rain, 
irrigation) (Wardle 1927). Frankliniella occidentalis and F. tritici spend part of their life 
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cycle in the soil, therefore rain may be detrimental to this stage (Watts 1936, Henneberry et 
al. 1961). 
The low numbers of Frankliniella spp. recovered from the soil samples suggest that a 
low frequency of Frankliniella spp overwinter in Iowa strawberry fields. We conclude most 
thrips observed during this study are either flying from adjacent fields or flying or migrating 
from southern latitudes. Peak numbers ofthrips occurred while high numbers of flowers were 
present in the strawberry field. As shown in previous studies, yellow sticky cards are good 
monitoring tools to indicate presence ofthrips in strawberry fields. 
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Table 1. Locations, sizes, and characteristics of three strawberry farms and alfalfa fields 




No. of rows 
Plant 
Age of planting 
Horticultural Farm No. 
1 
Gilbert, IA 
48 X 34m 






















Table 2. Response of thrips to Yellow (y) and blue (b) sticky cards (mean± SE) placed in 
three strawberry farms in central Iowa in 2001. 1 
Date traps replaced Farm l Farm2 Farm 3 
10- April y 0 
B 
19-April y 0 0. 1± 0.08 0 
B 0 0.1 ± 0.08 0 
26- April y 0 0 0 
B 0 0 0 
7- May y 2±0.5 5 ± 1.0 7 ± 1.1 
B 2±0,l 2±0.5 2 ± 0,8 
14- May y 22 ± 4.5 10 ± 3.0 31 ± 8.0 
B 3 ±0.8 5 ±0.8 10 ± 1.8 
21- May y 77 ± 12.3 27 ± 6.3 49 ± 13.0 
B 6 ± 1.3 5 ± 1.3 11 ± 2.8 
29- May y 18±3, l 25 ± 4.1 9 ±2.4 
B 6± 1.8 15 ± 3.5 4± 1.4 
4-June y 27 ± 5.4 45 ± 7.1 10 ± 2.6 
B 11 ±2.5 20 ± 4.3 4±0,9 
13-June y 119 ± 27.3 55 ± 10.2 44 ± 8.5 
B 34 ± 8.0 26 ± 5.1 11 ± 3.0 
18-Juoe y 72 ± 21.8 14 ± 2.8 20 ± 7.0 
B 11 ± 3.0 1 ± 0.6 5 ±2.9 
14- Aug 2 y 2 ± 3.1 
B 0.3 ± 0.5 
21- Aug y 2 ± 1.6 
B 0 
1 N=13 
2 Aug 14 and 21 had an N= 6 
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Table 3. Summary statistics for adult thrips captured on sticky cards in three strawberry 
fields in 2001 (ANOVA Table) 
Source DF F value P value 
Farm 2 6.22 0.0140 
Week 6 10.59 0.0003 
Color 1 48.74 <0.0001 
Farm*Week 12 2.94 0.0368 
Farm*Color 2 4.56 0.0336 
Color*Week 6 3.91 0.0213 
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Table 4. Wind and Precipitation during the weeks that thrips were collected on sticky cards in 
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CHAPTER 5. GENERAL CONCLUSIONS 
In this thesis I have studied two significant insect pests in strawberry fields in Iowa. 
Lygus lineolaris was collected from both alfalfa and strawberry fields; Frankliniella tritici 
was only collected from strawberries. Both of these species feed directly on the strawberry 
flower and fruits. The primary objective of the L. lineolaris study was to determine the 
parasitoids and pathogens associated with L. lineolaris in alfalfa and strawberry. Relatively 
low numbers of parasitoids of L. lineolaris were dissected from hosts collected from alfalfa, 
and none of the parasitoids were reared to adult stage. Numbers of L. lineolaris were 
relatively low in the Iowa fields compared to previous studies in the Northeast U.S. in which 
higher numbers of parasitoids were reared from L. lineolaris hosts. All parasitoids dissected 
from adult and nymphal L. lineolaris were Hymenoptera. Dipteran parasitoids had been 
observed in L. lineolaris adults, but hymenopteran parasitoids have rarely been collected 
from adult L. lineolaris (Day 1995). This study is significant because no previous studies had 
shown the evidence of parasitoids attacking populations of L. lineolaris in Iowa. 
In strawberries, no parasitoids were reared or dissected from the L. lineolaris 
collected. However, the short period of time spent by L. lineolaris in the strawberry fields, 
probably does not permit sufficient time for parasitoid populations to build up. Future studies 
with L. lineolaris in strawberry fields should focus on egg parasitoids, because these 
parasitoids overlap with adult L. lineolaris peaks. Release of egg parasitoids in June-bearing 
strawberries, at the beginning of the season when adult L. lineolaris are coming out of 
overwintering sites and producing eggs, could be sufficient for the egg parasitoids to find 
hosts. 
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In 1994, strawberry growers in the Midwest reported a new type of damage to their 
strawberries and believed that thrips were causing this damage. In this thesis, I conducted 
several studies to examine the relationship between thrips and strawberry fruit damage. 
These studies included collection of F. tritici from three strawberry fields at different 
developmental stages of the strawberry blossom, hand harvesting one of the strawberry farms 
to examine the percentage of damage caused by F. tritici, soil samples to determine 
overwintering sites and sources of F. tritici, comparisons of yellow and blue sticky cards to 
determine which color was most attractive to F. tritici and a greenhouse experiment using 
individual cages to enclose four densities ofthrips on four different strawberry blossom 
growth stages. In previous studies, different cultivars and thrips species were used to assess 
thrips damage (Allen and Gaede 1963, Lynch and Tremblay 1995). Preliminary thresholds 
had been set at 0.5 to 2 thrips per flower and fruit before spraying insecticides. We observed 
mean numbers from 0.1 to 48 thrips per flower and fruit during both years of this study. This 
study is significant because it show~ that even though numbers of F. tritici exceeded a 
preliminary threshold of 0.5 to 2 thrips, damage was not observed. The hand harvesting of 
one of our fields re-enforced this observation because we harvested an average of 73% of 
marketable berries and less than 1 % of the total had F. tritici damage. Frankliniella tritici 
was collected from different stages of the strawberry blossom (bud, open flower, no petals 
flower, and berry). Higher numbers of thrips were collected from the flowers than the fruits. 
However, no damage was observed. This is significant because once the berries are formed, 
damage caused by F. tritici will be minimal. Thrips observed on the flowers may have been 
serving as pollinators. 
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The greenhouse study demonstrated that tllrips can serve as pollinators to the flowers. 
Allen and Gaede (1963) had suggested that F. occidentalis had served as pollinators for 
strawberry flowers in greenhouse studies. In our study, there was no significant damage 
caused to the berries in the greenhouse following infestation with F. tritici. Several factors 
including plant cultivars, thrips species, and low temperatures could be interacting to cause 
bronzing of strawberries. Based on my studies thrips infestations alone do not cause bronzing 
of the cultivars used for this study in Iowa. 
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